The aim of this study was to investigate whether early-English education benefits the perception of English phonetic contrasts that are known to be perceptually confusable for Dutch native speakers, comparing Dutch pupils who were enrolled in an early-English programme at school from the age of four with pupils in a mainstream programme with English instruction from the age of 11, and English-Dutch early bilingual children. Children were 4-5-yearolds (start of primary school), 8-9-year-olds, or 11-12-year-olds (end of primary school).
Introduction
When it comes to second language (L2) sound acquisition, it is often claimed that 'earlier is better' (see [1] for a review): becoming able to distinguish certain speech sounds that occur in a non-native but not the native language can be very difficult at a later age. In the Netherlands, for example, the premise of 'the earlier the better' was why the Dutch Education Council advised the Ministry of Education to lower the starting age of foreign-language education, from the age of ten to-preferably-the age of four [2] . The Council reasoned that older children would be hindered by their first language (L1) when learning a new language, while younger children would not have fully developed their L1 yet and hence could learn a new language more easily and with greater success than older children [2] . Indeed, just like in many other countries in Europe [3] , a growing number of Dutch primary schools now provide early-English education, often from the moment children enter primary school [4] .
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been immersed in a German environment from before the age of four showed that their perception of German vowels was significantly poorer than that of German monolingual children [26] . Unlike the bilingual children in the McCarthy et al. [25] study, who were educated in a monolingual programme, the Turkish-German children were educated in a German-Turkish bilingual programme. They thus received less input in their L2 than the Sylheti-English children, but were exposed to it from an earlier age.
In both studies [25, 26] , children were immersed in their L2 at school, either 50 or 100% of the time. Such extensive L2 exposure is much more than the amount of exposure offered in foreign language programmes at school, such as the ones gaining in popularity in most countries in continental Europe, including the Netherlands [3] . Nowadays, almost one in five Dutch schools start their English lessons from the moment children enter primary school at the age of four. The legally obligatory onset of English education, however, is not until the penultimate year, when children are approximately ten years old [4] . As children in the Netherlands receive on average 60 minutes of English lessons per week, early-English pupils leave primary school after 320 hours of English education, as opposed to 60 hours (45 minutes per week) for pupils who start in the penultimate grade (at age ten) [27] . The idea behind early-English education is that it will benefit pupils' English proficiency more than mainstream English lessons, but not at the expense of Dutch. Previous research in the Netherlands has indeed shown beneficial effects of early-English programmes for pupils' English vocabulary [28] [29] [30] , grammar [28] , reading and writing abilities [31] , and word pronunciation [32] . Research on Dutch early-English pupils' abilities to perceive English speech contrasts, however, is not yet available.
International research on early-English pupils' perception of English contrasts is scarce, too. Jost et al. [33] investigated Swiss-German children's responses to the English contrast /t/-/θ/: once before starting English lessons, and once a year later, after having received one and a half hours of English lessons per week. Children showed a significant increase in accuracy in discriminating between /t/ and /θ/ after one year of English instruction.
With respect to the Dutch situation, pupils necessarily encounter unfamiliar sound contrasts that they have to learn to distinguish. Nevertheless, during English lessons not much attention seems to be given to the perception of these unfamiliar speech sounds. The goals for English education focus on understanding spoken and written English texts, and being able (and confident) to communicate in English [34] . Consequently, the goal of English lessons in Dutch education is mainly oral proficiency, and especially speaking, listening, and vocabulary development [35] . Activities for young pupils are aimed at learning English in a playful way, for example by the means of songs and stories. For older pupils, from grade five onwards (8-9- year-olds), content learning and language learning are integrated and English is used as the language of communication during other subject lessons. In practice, teachers speak English during those lessons, but pupils hardly speak any English to each other or the teacher [36] . According to the organisation for internationalisation in education, in order to teach in English, teachers' proficiency in English should be at least at the intermediate level (B2 on the Common European Reference Framework) [37] . In practice, teachers vary in their proficiency levels, ranging from low proficient to (near-)native proficiency [27] . Since children are usually educated by more than one teacher, and a different teacher every school year, the quality of the input in English they receive at school likely varies to a large extent.
The idea behind early-English education is that providing children with lessons in English will ameliorate their proficiency in English. The assumption is that exposing young children to English will foster their language development. As such, children first learn to understand English, and then to speak it themselves. It is only in the higher grades of primary school that they learn to read and write in English [37] . Given that children start with understanding English, and that it seems that especially foreign speech sounds should be learnt early in life in order to learn to distinguish between them [22, 23, 25] , the question is whether the learning activities that pupils in early-English education take part in contribute to the advancement of their perception of L2 speech contrasts. In this study, we investigate whether Dutch children who are exposed to English from a young age in an educational setting are better able to distinguish such English speech contrasts that do not exist in their native language than children in a mainstream program, or not.
Contrasts of interest
Dutch and English phoneme categories differ in various ways. According to the Perceptual Assimilation Model (PAM), the degree to which L2 learners should be able to learn to perceive L2 contrasts depends on the way in which they differ from the L1 phonetic system [38] [39] [40] . The focus of this study is on four English phonetic contrasts that are expected to vary in difficulty for native speakers of Dutch, ranging from very easy to very difficult.
In the first contrast of interest, /b/-/s/, the phonemes differ from each other in place, voicing and manner of articulation. Both English and Dutch have a /b/ and /s/ that are pronounced rather similarly in both languages. (Differences include the VOT of /b/, which is negative in Dutch and around 0 for English). In PAM, such a contrast is called a 'two category' assimilation contrast [40] . According to the predictions of PAM, when two non-native phonemes are very similar to two phonemes in the native language, listeners will perceptually assimilate these non-native phonemes to the corresponding native categories. Consequently, pupils should be able to easily discriminate between members of such a contrast. The /b/-/s/ pair was thus included in this study as an easy contrast. At the same time, it served as a control contrast, to ensure that children understood the task.
Second, the /k/-/ɡ/ contrast was expected to be of intermediate difficulty. Dutch as well as English has /k/ and both are pronounced rather similarly (but in English with a long positive VOT, and in Dutch with a 0 to short positive VOT). Contrary to English, Dutch does not have a /ɡ/. According to PAM, the English /k/-/ɡ/ contrast would be a 'category goodness' contrast, where two different L2 phonemes are both mapped onto the same L1 category but one is considered to be a better exemplar of that category than the other. According to PAM, recognition of an L2 phoneme should be more difficult when two phonemes are mapped onto the same L1 category than when both phonemes are mapped onto two different L1 categories [38] [39] [40] . Previous research has shown that, indeed, native Dutch adults find it difficult to identify the English /ɡ/ [41] . Further, although most Dutch native adults are able to produce word-initial /ɡ/, substitution with [k] or [x] also occurs [42, 43] . There are, however, three reasons to expect that the English /k/-/ɡ/ contrast might be easier for Dutch listeners to differentiate than other category goodness contrasts. First, in Dutch, whereas there is no velar voicing contrast (/k/-/ɡ/), bilabial (/p/-/b/) and alveolar plosives (/t/-/d/) are contrasted in voicing. In other words, /ɡ/ is missing from a consonant system which does contain /b/ and /d/, and hence there is a system gap [44] . Second, the /ɡ/ does occur in Dutch in loan words [42, 43, 45] and, third, it occurs as an allophone of /k/. PAM does not explicitly discuss the possible effect of such L1 experience with (features of) sounds that are not present as a phoneme in the L1, and its predictions for category goodness contrasts seem to assume that the L2 learners are completely inexperienced with respect to one of the members of the contrast. This does not hold, however, for the /ɡ/ in Dutch. The first reason is that Dutch native listeners do have experience with the voicing contrast, in other places of articulation. Second, they also have some experience with /ɡ/ specifically, since it occurs in loanwords and as an allophone of /k/. It is therefore expected that Dutch listeners might find it easier to perceive the English /k/-/ɡ/ contrast than a category goodness contrast that they do not have such L1 experience with. Indeed, it has been shown that Dutch listeners tend to identify /ɡ/ more accurately than consonants with features that do not occur at all in Dutch, like /θ/ or /ð/ [41] .
The third contrast we included was therefore /f/-/θ/. Just like /k/-/ɡ/, /f/-/θ/ can be considered to be a 'category goodness' contrast, as Dutch has an /f/ fairly similar to the English one, but no /θ/. Previous research has shown that Dutch adults have difficulty identifying the English consonant /θ/. They often perceive /θ/ to be similar to /t/, /s/, or /f/ [41, 46] . The predictions of PAM for /k/-/ɡ/ and /f/-/θ/ are similar. We expected the /f/-/θ/ contrast, however, to be more difficult for Dutch learners of English than the /k/-/ɡ/ contrast. First, the lack of /θ/ in Dutch is not a system gap, as Dutch has no dental place of articulation in the consonant system. Furthermore, unlike /ɡ/, /θ/ does not occur in the pronunciation of loanwords or as an allophone. Further the perception of /θ/ is intrinsically difficult; even native speakers of American English found /θ/ to be confusable with /f/ [41, 47] .
The final contrast we included was /ε/-/ae/. Whereas the English vowel inventory includes both open midfront unrounded vowels, Dutch only has /ε/. The Dutch /ε/ lies between the English /ε/ and /ae/, and is typically lower than the English /ε/. Following PAM predictions for what is called a 'single category' assimilation contrast, Dutch native speakers should find it very difficult to distinguish between/ε/ and /ae/, as shown previously indeed [21] . According to PAM, both /ε/ and /ae/ will be perceived as an exemplar of the Dutch /ε/. Given that unlike the /k/-/ɡ/ or /f/-/θ/ contrast, neither member will be a better exemplar of the Dutch category, Dutch learners of English are expected to have the most difficulty distinguishing between both members of this contrast.
Whereas Dutch children learning English may have difficulty distinguishing between the English contrasts mentioned above, that does not imply that they will not be able to learn to distinguish those contrasts at all. For the category goodness contrast, when two L2 phonemes map onto the same L1 category while only one L2 phoneme is a good exemplar of that L1 category, learners may eventually form a new category for the L2 phoneme that does not exist in their native language, and learn to discriminate between the two members of the L2 contrast [40] . It is therefore expected that Dutch children may initially not perceive the difference between /k/ and /ɡ/, or /f/ and /θ/, but that they will learn to distinguish these phonemes after several years of learning English. Our expectation is that Dutch children are able to distinguish between /k/ and /ɡ/ earlier than between /f/ and /θ/, given that they encounter voicing distinctions in the Dutch language too, as well as instances of /ɡ/ in loanwords and as allophones of /k/.
For the single category assimilation contrast, when two L2 phonemes are mapped onto the same L1 category but neither of them is a good exemplar of that L1 category, learners may not overcome their difficulties in discriminating between the two L2 sounds [40] . It is therefore expected that Dutch L2 learners' difficulty to distinguish between /ε/ and /ae/ is not limited to the initial stages of L2 acquisition, but may persist even after several years of L2 learning [21, 41] .
This study
One of the ideas behind early-English education is that such a programme will benefit pupils' English language skills, while at the same time their Dutch language skills develop just like those of their monolingually educated peers. The main research question of this study was whether early-English pupils are better able to discriminate between English phonemes than pupils from mainstream schools, and whether early-English pupils' performance is comparable to that of children growing up with both English and Dutch as their home languages.
The participants differed in their experience with English. The bilingual children grew up with both English and Dutch as their native languages. The early-English and mainstream pupils were raised in Dutch. Both are expected to be exposed to English via media [48] . For example, English movies are not dubbed but rather subtitled. For early-English pupils, English lessons started at the start of primary school (i.e., at the age of four). For mainstream pupils, English lessons started near the end of primary school (at the age of ten). Since English lessons generally do not last more than one hour per week, even with out-of-school exposure to English, pupils had much more limited exposure to English than the children that were being raised bilingually. This study examines whether limited L2 exposure in a non-naturalistic setting is related to improved perception of L2 speech contrasts, and if so, how long it takes for such an improvement to become detectable. By investigating to what extent children are able to learn to discriminate non-native speech sounds under such conditions, this study will thus contribute to knowledge about the plasticity of the speech perception system.
We investigated speech perception abilities in three age groups: children who had just started primary school (4-5 year olds), children who were halfway through primary school (8) (9) year olds), and children who were at the end of primary school (11) (12) year olds). As is often the case, age at testing and amount of L2 exposure are intertwined [49] ; we do not attempt to separate the two from each other nor do we want to make any claims about whether starting at an earlier age is better for phonological learning. Age of onset is the same for all the early-English children participating in this study (i.e., 4 years). The goal of including pupils from different age (at testing) groups was to investigate the effect of limited English instruction after several years. Since early-English pupils generally have one hour of English lessons per week, the 4-5-year-old mainstream and early-English pupils were expected to be comparable in amount of instruction (i.e., none to very limited amount of instruction). After five years, 8-9-year-old early-English pupils would have had an estimated 200 hours of English instruction as opposed to no instruction for their peers in mainstream schools. By the end of primary school, 11-12-year-old early-English pupils would have had an estimated 320 hours of English education, as opposed to 60 hours for mainstream pupils.
Three research questions were investigated. The first one was whether early-English pupils outperform mainstream pupils on the perception of the non-native contrasts, and whether bilingual children outperform early-English pupils. We hypothesized that the bilingual children should outperform the two other groups, and if anything, the early-English group should outperform the mainstream pupils.
Second, we asked whether older pupils have better speech perception abilities than younger pupils. We hypothesized that on all contrasts and for all three groups of children, older children would perform better than younger children. This was expected because older children generally show better phoneme categorization than younger children [13, 14] , and moreover the older groups in this study have had more exposure than the younger groups.
Third, we examined whether the four different speech contrasts investigated here differed in difficulty level for native speakers of Dutch. The hypothesis was that the degree of similarity between the English and Dutch phoneme inventory should predict the perceptual difficulty, especially for the mainstream and early-English children. Following the predictions based on Best and Tyler [40] discussed earlier, we expected pupils to find the /b/-/s/ contrast relatively easy, the /k/-/ɡ/ contrast more difficult, the /f/-/θ/ contrast even more difficult, and the /ε/-/ae/ contrast the most difficult.
Materials and methods
This research was approved by the Ethics Assessment Committee Humanities of Centre for Language Studies at Radboud University, Nijmegen. The case number is 8420. Active written consent was taken from participants and data were analyzed anonymously.
Participants
Three groups of children participated: a control group (n = 48), a group of early-English pupils (n = 64), and a group of bilingual children (n = 48; see also Table 1 ). An additional 19 children had been tested, but their data were removed because of a technical error of the speech perception task (n = 1), an odd response pattern (constantly pressing the same button, or constantly alternating two buttons) on the speech perception task (n = 9), or because they did not seem to understand the speech perception task (n = 9; see also the Results section for a more detailed procedure of data removal).
The Dutch primary school system consists of eight grades. The control group included children attending a mainstream Dutch school in which English lessons started in grade six or seven (when pupils are nine or ten years old; two schools). Early-English pupils attended a school in which English lessons started in the first grade (kindergarten, i.e., when pupils are four years old; three schools). All early-English schools had a certificate from an independent organization that they taught English for at least 60 minutes per week, and that teachers had at least a B2-(high intermediate) level of English (except for writing, for which B1 [low intermediate level] had been deemed sufficient by the certification organization). The schools had been early-English schools for at least eight years, such that the children who were now in the final grade had started their English education when they entered primary school. Schools were recruited via telephone. If they were interested in participating, they received a document with more information about the study. Schools voluntarily agreed to participate.
Bilinguals were children who had at least one parent who was a native speaker of English. All bilingual children had started to learn Dutch before the age of four, for example because they went to Dutch day care. Three bilingual children were exposed to one additional language (beyond Dutch and English), and one child to two additional languages.
Children had no known hearing or developmental disorders. All parents gave informed consent for participation, and were also asked to fill in a questionnaire about out-of-school exposure to English.
Instruments
XAB non-word discrimination task. Participants were presented with an XAB task in which three non-word stimuli were presented. Children had to indicate which of these stimuli (the second or third) matched the first stimulus (X). The XAB task was presented as a game [50] , programmed with Presentation software (version 14.7) from Neurobehavioral Systems. The task consisted of 64 trials, which were administered in two sessions. The first session was preceded by an explanation and six practice trials. The second session was preceded by four practice trials. In the practice trials, a cartoon of one large and two smaller dinosaurs showed the large dinosaur saying a bisyllabic non-word, not containing the contrasts of interest, and subsequently, the two smaller dinosaurs each saying a non-word, one of which was the same as that spoken by the larger dinosaur, and one different. The child was instructed to decide which smaller dinosaur correctly repeated the larger dinosaur and to indicate their response by pressing a key on the laptop. The button 'A' corresponded to the left animal, and the button 'L' to the right one. Buttons were marked with stickers, to remind children of the response buttons.
Children received feedback on their performance. If they pressed the wrong button, the dinosaur that corresponded to the correct button started crying. The large dinosaur would say that the child pressed the wrong button and encouraged the child to press the correct button. If children pressed the correct button, the corresponding dinosaur would jump up and down while throwing around confetti. The large dinosaur would also verbally confirm that the correct button was pressed.
In the experimental trials in which the four contrasts were tested, the cartoon of the three animals covered two-thirds of the screen, and a cartoon of a small animal on a staircase covered the other one-third (see Fig 1) . For the first two blocks of each session the animals were dinosaurs, and for the last two blocks of each session they were pandas. In the experimental trials, children no longer received feedback. As an incentive, once children pressed a button, the animal on the staircase would jump up one step, no matter if the child performed correctly. In both the practice and the experimental trials, it was always the left animal who first imitated the larger animal. Children could press a button after the second small animal had spoken.
Stimuli. The stimuli consisted of eight minimal pairs of non-words. Every minimal pair was presented eight times during the experiment. The stimuli were disyllabic non-words that were phonotactically legal in English (and Dutch). The consonant pairs /b/-/s/, /k/-/ɡ/ and /f/-/θ/ were presented in two different VCV carrier sequences (/әCi/ and /әCa/). The vowel contrast /ε/-/ae/ was presented in two different VCVC carrier sequences (/әpVp/ and /әtVt/). Recordings of the stimuli were made by three female native speakers of Standard American English, each to represent the voice of one designated animal. For each speaker, each stimulus was recorded four times while they read the stimuli one by one in random order, in a clear citation style. Recordings were made in a soundproof booth. The sampling rate at recording was 44.1 kHz.
The 64 trials were presented in eight blocks of eight items each. Each contrast appeared twice in each block. Trials were presented in pseudo-random order: No more than one trial targeting the same contrast and no more than two trials with the same carriers followed each other, and the same animal did not say the correct answer more than three times in a row. The number of times each of the smaller animals correctly repeated the larger animal was counterbalanced across the two smaller animals within blocks.
Vocabulary.
To investigate to what extent children had knowledge of both languages, and to examine to what extent the three type-of-English-acquisition groups differed from each other in their knowledge of these languages, English and Dutch vocabulary were measured. English vocabulary was measured with the PPVT-4 [51] and Dutch vocabulary with the PPVT-III-Dutch [52] . The test-retest reliability coefficients for children aged between 4;0 and 13;0 years are very high, ranging from .91 to .94 for the English version [51] , and between .91 and .96 for the Dutch version [52] . In both tests, the child is presented with a spoken word and is asked to indicate the corresponding picture out of a set of four. The English test consists of 228 items, the Dutch one of 204. Items are grouped in sets of 12. The rules for administration as given in the manual were followed. Testing stopped if children made more than the maximum number of errors in one set (eight for the English and nine for the Dutch PPVT). The score was computed as the number of correctly performed items.
Intelligence. To control for possible differences in intelligence, the 'Matrix Reasoning' subtest of the Wechsler Nonverbal Scale of Ability was administered [53] . The subtest consists of 41 matrices of which one piece is missing. The child is asked to indicate the correct piece amongst four or five alternatives. Testing is stopped when four or five errors are made in five consecutive items. The total number of correct items determines the score.
Procedure
Children were tested individually in a quiet room, either at school (early-English and mainstream pupils) or at home (bilingual children). For the participants tested at school, the tasks were presented in two sessions of 25 minutes each. In the first session, the PPVT-4 was administered first, followed by the first part of the XAB task (4 blocks, 32 trials). Session two started with the second part of the XAB task, followed by Matrix Reasoning and then the PPVT-III-NL. The bilingual children took part in a larger study in which multiple tasks were administered which are not reported here. For them, like for the early-English and mainstream children, the XAB task was always administered at the end of the first session and at the beginning of the second session, the PPVT-4 in the first session, and the PPVT-III-NL in the final session. For all (mainstream, early-English, and bilingual) children except four, the two sessions were administered on two separate days, which were on average 8 days apart (SD = 11; of those four exceptional children, three did both sessions on the same day, and one participated only in the first session). For five bilingual children, the matrix reasoning task was not (or not correctly) administered, for three bilingual children, the PPVT-4, and for two bilingual children the PPVT-III-NL was not (correctly) administered. Scores for these children on these tasks are missing. Responses to all tasks were registered on a laptop (XAB task) and/or noted down by the experimenter (PPVTs and Matrix Reasoning).
Results

Data screening XAB task and differences in background variables
Each individual participant's response pattern was investigated. We removed data where children either consistently pressed the left or the right button, or pressed the two buttons in strict alternation. First, we removed all the data of children who showed such a pattern throughout the entire task (n = 9; 2 early bilinguals, 4 early-English, and 3 mainstream pupils; all were 4-5-year-olds). Next, we removed data of individual sessions that showed such a pattern: The first session was removed for one participant from a mainstream school, and the second session for three early-English and two mainstream-school pupils, all in the 4-5 year old group. After that, we removed data of individual blocks with such a response pattern. In total, 23 blocks were removed, from seven early-English and nine mainstream-school pupils, one in the 11-12 year old group, two in the 8-9 year old group, and 13 in the 4-5 year old group. Next, we removed trials on which participants had RTs that were more than 2.5 SDs above their own mean RT. Due to a technical error in the task, the reaction times of one participant (4-5 yearold mainstream pupil) were not registered. This participant was removed from the data. In total 13.3% of the data were removed. Next, some pupils had a proportion correct of less than .60 on the perceptually easy /b/-/s/ contrast. As this was taken as an indication that those children either did not understand the task or were not concentrating, all data of those children were removed as well (9 children; eight 4-5-year-olds, one 11-year-old; five boys, four girls, two mainstream pupils, five early-English pupils, two bilingual children). For the remaining participants, average proportions correct (and SDs) are shown in Table 1 .
Information on age, and mean scores on all background measures are shown in Table 2 . For the bilingual children, the table also contains information on how often (in % of time) bilingual children were spoken to in English at home (as opposed to Dutch), calculated as the percentage of time English was used by parents during the hours parents and children were together. To calculate this percentage, we first calculated the number of hours that children and each of their parents self-reportedly spent together during the week. Parents indicated what percentage of time they spoke English to their children (as opposed to Dutch or another language). We used this percentage to calculate the number of hours per week that parents spoke English to their children This number was then used to calculate the percentage of time that children were exposed to English by their parents. Next, we also calculated how often (again in % of time) this English came from a native speaker parent (as opposed to a nonnative speaker). This was done by 1) checking whether both parents were native speakers, 2) if not, how often the non-native speaker parent used English, and 3) calculating the percentage of time the native speaking parent spent with the children (as opposed to the non-native speaking parent).
To assess whether the groups were comparable on all measures besides the variables of interest (i.e., the phonetic contrasts), ANOVAs were done with Age (4-5-, 8-9-, and 11-12-year-olds) and Type of English acquisition (mainstream, early-English, bilingual) as independent variables. We used partial eta-squared as a measure for effect size, and followed the general rule of thumb that effects between .02 and .13 are small, those between .14 and .26 are medium, and values of .26 and higher are large [54] .
For the dependent variable Age in Months, there was a significant interaction effect between Age (indicated by age groups) and Type of English acquisition (F(4, 146) = 5.28, p = .001, Z 2 p = .126, R 2 model = .952), Tukey post hoc analyses showed that 8-9-year-old bilinguals were on average younger than mainstream and early-English pupils in the same age group, and 11-12-year-old bilinguals were younger than mainstream pupils in the same age group. For English vocabulary, there was a main effect of Type of English acquisition (F(2,148) = 118.56, p < .001, Z 2 p = .616, R 2 model = .739). Tukey post hoc tests showed that, as to be expected, bilinguals obtained higher scores than mainstream and early-English pupils. Mainstream and early-English pupils did not differ from each other. As expected, all groups were comparable on Dutch vocabulary (R 2 model = .861), and intelligence (R 2 model = .561; all ps > .05). The groups were also compared on out-of-school exposure to English. Only a limited number of parents completed the questionnaire. Therefore, Age was not included in the analyses, and an ANOVA with Type of English acquisition as the only independent variable was performed. As expected, the weekly number of hours of out-of-school exposure to English did not differ among the groups (F(2,83) = 0.07, p > .05, Z 2 p = .002, R 2 model = -.022).
Perception of phonetic contrasts
The sensitivity measure d' with a correction for near-perfection [55] was calculated for each contrast and for each participant separately, using the dprime.abx function from the psyphy package in platform R (version 3.6.2). One member of each contrast pair was taken as the target (/b/, /k/, /f/, and /ε/, respectively). In case the child heard this sound and pressed the correct button, that was counted as a 'hit', if the incorrect button was pressed, that was counted as a 'miss'. If the child heard the other sound (/s/, /ɡ/, /θ/, or /ae/, respectively) and she pressed the correct button, this was counted as a 'correct rejection, if the wrong button was pressed, it was counted as a 'false alarm'. The d' was then calculated as the difference between z-transformed hits and false alarms. A d' of 0 indicates that performance is at chance level, and a higher d' value indicates a better ability to discriminate between the two members of the phonetic contrast. Mean values for d' are presented in Fig 2 . An ANOVA with Contrast, Age and Type of English acquisition as fixed factors, and d' scores as dependent variable was performed. There were significant main effects for all fixed factors (Contrast: F(4,604) = 317.64, Z 2 p = .612; Type of English acquisition: F(2,604) = 54.78, Z 2 p = .154; Age: F(2,604) = 72.59, Z 2 p = .194; all ps < .001, R 2 model = .691), and significant interactions between Age and Contrast (F(6,604) = 12.09, p < .001, Z 2 p = .107), and Type of English acquisition and Contrast (F(4,604) = 6.32, p < .001, Z 2 p = .059). The three-way interaction was also significant (F(12,604) = 1.97, p = .025, Z 2 p = .038). To follow up on this three-way interaction, we performed the same analysis but without Age for each of the age groups separately (see Table 3 ). The results of all three analyses showed main effects of Type of English acquisition and Contrast, and for 8-9-and 11-12-year-olds a significant interaction effect. Post hoc tests (Tukey HSD) showed that in all three age groups, all English-acquisition-type groups obtained the highest d' scores on the /b/-/s/ contrast, followed by the /k/-/ɡ/ contrast, which in turn had higher scores than the other two contrasts. In both the 4-5-and 8-9-year-olds, scores on the /f/-/θ/ and /ε/-/ae/ contrasts did not significantly differ. Significant differences among the English-acquisition-type groups emerged for the 11-12-year-olds for the comparison between the /f/-/θ/ and /ε/-/ae/ contrasts: For the 11-12-yearold mainstream pupils, scores on the /f/-/θ/ and /ε/-/ae/ contrasts did not significantly differ. For the 11-12-year-old early-English pupils, scores on /f/-/θ/ were significantly higher than for /ε/-/ae. For the 11-12-year-old bilinguals, to the contrary, scores on /ε/-/ae/ were significantly higher than for /f/-/θ/. To investigate whether there were effects of bilingualism or Age on the d' of the different contrasts, four separate ANOVAs were conducted, one for each contrast. In each of these analyses, Type of English acquisition and Age were fixed factors, and the d' on each of the contrasts was the dependent variable. The results are shown in Table 4 .
There was a main effect of Type of English acquisition for all contrasts except /b/-/s/. Bilinguals outperformed both mainstream and early-English pupils on all contrasts except the easy control contrast /b/-/s/, although for the /ε/-/ae/ contrast there was a significant interaction with Age; the post hoc tests revealed that only older (i.e., 8-9-and 11-12-year-old) bilinguals significantly outperformed both other groups, whereas the bilinguals in the 4-5 year old group outperformed only the early-English and not the mainstream pupils. Early-English pupils never scored significantly different from mainstream pupils.
Further, there was a significant main effect of Age, showing that younger pupils performed significantly less well than older pupils, for all contrasts except /ε/-/ae/. On the /k/-/ɡ/ contrast, all three Ages significantly differed from each other. On the /b/-/s/ contrast the 8-9-and 11-12-year-olds significantly outperformed the 4-5-year-olds, but the former two groups did not significantly differ from each other. On the /f/-/θ/ contrast the 11-12-year-olds outperformed the 4-5-year-olds, but the 8-9-year-olds did not differ from the other two age groups. The same analyses without the children who were exposed to three or four languages revealed the same pattern of results, for all contrasts. When the analyses for d' were performed again with the children who had <60% correct on the /b/-/s/ contrast, the results largely remained the same, with only some minor shifts in the outcomes regarding the age differences. We also carried out multi-level analyses to address the nested structure with children under schools. These analyses, with School as a random factor, largely reflected those of the ANOVA, with only minor details in the /k/-/ɡ contrast. We therefore reported the analyses with the simplest structure (the ANOVA).
Discussion
The aim of this study was to investigate whether Dutch children receiving early-English education were better able to discriminate between English phonetic contrasts than children attending mainstream Dutch primary schools, and whether they were as good as children growing up bilingually in Dutch and English. This question was investigated in three different age groups: 4-5-year-olds who had just started primary school, children who were in the middle of primary school (8-9-year-olds), and 11-12-year-old children who were at the end of primary school. The first research question was whether the three English-acquisition-type groups of children (mainstream, early-English, bilingual) differed in their abilities to perceive English speech sounds. The hypothesis was that bilingual children might outperform both early-English and mainstream pupils. For the latter two groups, we hypothesized that if anything, the early-English pupils might perform better on the speech perception task than the mainstream pupils. The first part of this hypothesis was confirmed, the second was not. That is, the bilinguals showed greater sensitivity than the two other groups on all the contrast pairs except the easy control contrast /b/-/s/ (i.e., /k/-/ɡ/, /f/-/θ/, /ε/-/ae/) but the early-English pupils did not show better performance than the mainstream pupils. The second hypothesis was that there would be age differences in performance on the different contrasts. In line with previous research [14] , we found that children between 4 and 12 years old show an increase in phoneme categorization performance. This effect was larger for the /b/-/s/ than for the /k/-/ɡ/ contrast, and smallest for the /f/-/θ/, as shown by a large, medium, and small effect size respectively.
The youngest group (4-5-year-olds) always showed less sensitivity to the contrasts than the older pupils, even to the easy /b/-/s/ contrast. This may be explained by developmental differences in phonemic categorization, as previous research has shown that children continue to refine their phonemic categorization, and that even at the age of 12 they are not as good as adults [14] .
The 11-to 12-year-old children did not perform better than 8-to-9-year-old children on the /f/-/θ/ contrast, whereas they did for the /k/-/ɡ/ contrast. PAM predictions for category goodness contrast pairs are that L2 learners learn to hear the differences between the two phonemes after some experience with the L2 [40] . It may be that the relatively small amount of time that mainstream and early-English pupils are exposed to English is enough for an initial growth in sensitivity towards the /f/-/θ/ contrast, but not enough for a further improvement. On the other hand, the oldest group of bilingual children did not perform significantly better than the 8-9-year-old group either. Even adult English native speakers find /f/ and /θ/ to be perceptually confusable [41, 47] . Therefore, the difficulties that the early-English pupils experienced with this contrast are hardly surprising. In fact, it could be that between 8-9 years and 11-12 year, perception of this contrast does not measurably develop.
For the /ε/-/ae/ contrast, mainstream and early-English pupils of all ages performed at chance level and showed no improvement at all with age. According to the predictions outlined in PAM-L2 [40] , both members of such a single category contrast should be perceived as a similarly good or poor exemplar of the closest native phoneme and therefore learners are not likely to learn to distinguish between the two members [40] . We proposed that /ε/ and /ae/ should be perceived as an exemplar of the Dutch /ε/, resulting in pupils of all ages performing at chance level. Our results seem to confirm this reasoning.
Our third hypothesis was that the early-English and mainstream pupils' perceptual difficulty would vary across the phonetic contrasts tested and depend on the degree of similarity of those phonemes in English and Dutch. This hypothesis was based on Best and Tyler [40] who predict that L2 learners will have difficulty perceiving non-native speech contrasts, especially when one or both members are very similar but not identical to a native phonetic category. Since the bilingual children were native speakers of both Dutch and English, we predicted that their perception should generally be more accurate. We focused on four contrasts, which we expected to vary in difficulty for the early-English and mainstream pupils: /b/-/s/ (easy), /k/-/ɡ/ (intermediate), /f/-/θ/ (hard), and /ε/-/ae/ (very hard). Our hypothesis that perceptual difficulty would vary across the phonetic contrasts was confirmed. All children (mainstream, early-English, and bilingual) performed best on the /b/-/s/ contrast. All Type-of-Englishacquisition groups performed relatively well on the /k/-/ɡ/ contrast too, although scores were significantly lower than on the /b/-/s/ contrast. We expected the k/-/ɡ/ contrast to be of intermediate difficulty, as Dutch, first, contrasts between voiceless-voiced plosives at other places of articulation and second, contains /ɡ/ in loan words and third, contains it as an allophone of /k/. Confirming our hypothesis that L2 acquiring pupils would have less difficulty with the /k/-/ɡ/ contrast than with the /f/-/θ/ or ε/-/ae/ contrast, mainstream and early-English pupils performed worst on these two latter contrasts. For the oldest group of bilingual children, the performance pattern was different: they performed worse on /ε/-/ae/ than on /k/-/ɡ/, but they had even more difficulty with /f/-/θ/.
PAM-L2 does not differentiate between novel L2 sounds that listeners are entirely unfamiliar with, and sounds that they do have some L1 experience with, because they represent a system gap such that they are familiar with relevant features, or because they occur in the L1 in loan words or as allophones. In this study, we tested perception of two contrasts of the category goodness type, /k/-/ɡ/ and /f/-/θ/. Our results, with better performance for /k/-/ɡ/ than for /f/-/θ/, imply that L2 learners have less difficulty distinguishing between two members of a contrast (here /k/-/ɡ/) when they have L1 experience with the type of contrast (in this case concerning stop voicing) or with the 'absent' phoneme itself (because it occurs in L1 as a marginal phoneme and an allophone), than between those of a category goodness contrast that does not have this benefit of L1 familiarity (here /f/-/θ/). An alternative explanation for the difference between pupils' performance on the /k/-/ɡ/ contrast and the /f/-/θ/ contrast could be that the difference between /f/-/θ/ is intrinsically difficult, in line with the bilinguals' relatively low performance on this contrast. A study with English monolingual infants investigated the hypothesis that it is easier to discriminate between between-organ articulation contrasts (in this study /f/-/θ/) than within-organ articulation contrasts (in this study /s/-/θ/), but this hypothesis was not confirmed [58] . According to this hypothesis, /f/-/θ/ should have been easier to distinguish than /k/-/ɡ/. That was, however, not the case. It was even the other way around. We therefore reject this alternative explanation, and adhere to our explanation that even though both the /k/-/ɡ/ and the /f/-/θ/ contrast are Category Goodness contrasts, they are fundamentally different. Further research on adult and child L2 learners' performance on different types of category goodness contrasts is needed to confirm whether contrasts such as the /k/-/ɡ/ in this study are treated differently in L2 learning.
The overall aim of this study was to investigate if children who are learning English by means of an early-English educational programme outperform their peers who are not enrolled in such a programme. Early-English pupils did not outperform mainstream pupils on any of the non-native contrasts. Note that problems with performance on these contrasts cannot be due to the difficulty level of the task itself: Even children in the youngest group were capable of performing the task, as indicated by their performance on the easy /b/-/s/ contrast. There are several explanations possible for these outcomes. First of all, it may be that the limited exposure to English at school is simply not enough for early-English pupils to learn the difference between English speech sounds, or for pupils' knowledge of English in general to develop.
Second, it could be that the exposure to English that children get at home is more important than the input at school. The available parental questionnaire data show that both mainstream and early-English pupils had considerable exposure to English media at home, and that early-English pupils had more exposure to English out of school than in school. Unfortunately, information about out-of-school exposure was not available for all children. Exploratory partial correlation analyses between out-of-school exposure and performance on each of the contrast pairs while controlling for age revealed no significant relations between the two variables (for /b/-/s/: r = 0.183; /k/-/ɡ/: r = .048; /f/-/θ/: r = .005; /ε/-/ae/: r = -.007; all ps > .05). Although for a correlation analysis to be more informative, these results suggest that out-of-school exposure to English does not contribute to pupils' perception of English contrasts.
An alternative explanation for the lack of a difference between the early-English and mainstream pupils' results could be that type of exposure that pupils receive at school does not contribute to the perception of L2 speech contrasts. As outlined in the introduction, English education in Dutch schools is generally aimed at improving pupils' oral proficiency, and specifically at improving their speaking and listening skills and their vocabulary knowledge [35] . Its goal is furthermore to advance pupils' understanding of spoken English and written English texts, and for them to become able (and confident) to communicate in English [34] . As being able to hear and produce the differences between English speech sounds is not one of the goals for English education, explicit instruction on perception or pronunciation of English phonemes appears not to be part of the educational curriculum. In addition, English lessons are generally provided by the regular classroom teacher [27] . Although the required English proficiency level is B2 (intermediate), teachers' proficiency levels vary largely, with a substantial number of teachers not obtaining the required level [27] . As a consequence, teachers may not correctly produce (some of the) English speech sounds. We did not measure the teachers' ability to produce the speech contrasts in question, so we do not know whether pupils received the correct input. Given that Dutch speakers of English have difficulty with pronouncing /θ/ [56] , /ε/, and /ae/, and, albeit to a lesser extent, /ɡ/ [42] , it may thus well be that teachers were not able to produce these sounds. They may thereby providing children with Dutch-accented English, in which these sounds were not pronounced correctly, and limiting the possibilities for pupils to implicitly learn to distinguish between those speech sounds. However, even if some teachers were able to produce the speech sounds correctly the question is to what extent that will positively influence pupils' speech perception skills: pupils usually have two class teachers, have different teachers every school year, and receive additional English input via English media, and the influence of an individual teacher is probably limited.
The results of this study are not in line with the premise that early-English education has a positive effect on pupils' English language knowledge. We did not find any advantages for the early-English group compared to the mainstream group in their perception of English speech sounds. We also measured pupils' English vocabulary, to examine whether early-English pupils' English vocabulary is greater than that of mainstream pupils. Contrary to what might be expected, we did not find advantages for the early-English group in this domain either. As we tested four different speech contrasts and receptive vocabulary only, we cannot rule out the possibility that early-English education may be beneficial for other domains of English language development, such as active vocabulary or grammar knowledge. Nevertheless, these outcomes are important for policy makers, who base the implementation of English educational programmes premises that early-English education will almost automatically benefit pupils' English language development. Such premises are often based on findings that show that children who are growing up bilingually in naturalistic settings successfully master two languages [49] . There are numerous ways (e.g. learning two languages at home), however, in which growing up with two languages differs from learning a new language at school while one language has already largely developed [49] . This study shows that early-English education, as it is currently implemented in the Dutch school system, may have very limited effects on pupils' abilities to perceive differences between English speech contrasts-at least on the ones we tested in this study. This finding does not rule out that Early-English education might be beneficial to pupil's perception of English speech contrasts if teaching perception and pronunciation of non-native phonemes receives a more prominent role in the curriculum. Research with adults has shown that for those learning an L2 after their L1 has already been largely established, both perception and pronunciation teaching may benefit the acquisition of non-native speech contrasts [57, 58] , even when the teacher is not a native speaker herself [59] .
As our study was not longitudinal, we cannot rule out the possibility that early-English pupils older than four but younger than eight (i.e., between the ages at which we tested them) have an advantage in vocabulary or in the perception of the /k/-/ɡ/ or /f/-/θ/ contrast that the mainstream pupils later catch up on. This cross-sectional study nevertheless provides a first and important exploration of the question whether early-English programmes are beneficial for pupils' perception of English speech contrasts. Because we assessed pupils who were at the end of primary school, we could show that even after eight years of English lessons, pupils are not better able to perceive English speech contrasts that do not exist in Dutch than pupils who started English education little more than a year before being tested. By investigating multiple contrasts that varied in difficulty, we have shown that young learners of English, both in early-English and in mainstream education, did manage to learn to distinguish the difference between members of some non-native phoneme pairs, but only those that were easy or of moderate difficulty.
Conclusions
This study shows that early-English education is not beneficial to non-native speech perception: Dutch children who get a maximum of two hours of English lessons per week from the moment they enter primary school at the age of four are not better able to perceive the difference between members of English contrasts than children who start in the penultimate grade of primary school. Children growing up bilingually with Dutch and English were, however, better at hearing the differences in all phonetic contrasts except the easy control contrast than the children who did not grow up bilingually at home. Starting to acquire English in an instructed setting at a young age thus appears not to be beneficial for learning to perceptually distinguish non-native contrasts. For pupils to learn to perceive non-native speech contrasts, perception (and pronunciation) instruction should get a more prominent role in the early-English curriculum.
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